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INSPECTION SYSTEM EMPLOYING
ILLUMINATION THAT IS SELECTABLE
OVER A CONTINUOUS RANGE ANGLES

CROSS-REFERENCE TO RELATED PATENT
APPLICATIONS

This Application claims the benefit of U.S. Provisional
Application No. 60/787,230, filed on Mar. 30, 2006, the entire
disclosure of which 1s incorporated herein by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

Methods and apparatuses consistent with the present
invention are related to inspection system for inspection of
flat panel displays.

2. Description of the Related Art

Conventional inspection systems for flat panel displays use
bright field reflective i1llumination for image acquisition.
Defect detection relies on contrast between materials on the
panel, iter alia. However, some of the panel materials are
designed to be transparent, for example ITO (indium tin
oxide), and creating suitable contrast between these materials
and other materials on a panel can be very difficult.

SUMMARY OF THE INVENTION

In accordance with an embodiment of the invention the
ability to enhance contrast 1n the image uses a controlled
illumination angle. A substrate to be 1maged 1s selectably
1lluminated using various combinations of 1llumination hav-
ing a controlled angle, including bright field, semi-dark field,
dark field or deep dark field. Since the contrast of the image of
the substrate depends on the specific pattern, and/or the com-
position of materials, controlling the angle of 1llumination
enables the system to reach a “best” or good contrast for each
inspected pattern.

In accordance with another embodiment of the invention 1s
the ability to add the above features and still retain conven-
tional bright field 1llumination ability on the same apparatus.

The device shown and described herein 1s particularly suit-
able for applications 1n which transparent layers are to be
ispected. Such improved detection performance may be
greatly appreciated by custom realization of a solution using
the widely collected angles of an elliptical mirror.

Several illumination modes may be provided, including
some or all of the following types of illumination: Bright
Field (BF), Dark Field (DF), and Semi1 Dark Field (SDF).

There 1s thus provided, in accordance with an exemplary
embodiment of the present invention, an inspection system
for inspecting objects with microscopic features, the inspec-
tion system comprising an illuminator operative to provide
illumination of an object having microscopic features, the
i1llumination providable over a continuous range of selectable
illumination angles, an object inspector mspecting the object
with microscopic features under said 1llumination; and a dual
mode controller operative to control the object inspector to
operate 1n at least two modes including;:

a first, learning, mode 1n which a suitable 1llumination
angle from within said continuous range is identified for an
individual set of objects having microscopic features by com-
paring contrast for at least some ol the objects 1n said set when
under each of a plurality of illumination angles; and

a second, inspection, mode in which said individual set of
objects 1s mspected under said suitable 1llumination angle.
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Both the first, learning, mode and the second, mspection,
mode may be performed in sequence by a single mechanism
by imaging and measuring the contrast.

Further, in accordance with an exemplary embodiment of
the present invention, the object inspector comprises a col-
lecting lens and the object defines an object plane, and the
illuminator comprises: an illumination source; an elliptical
mirror facing the illumination source; a flat mirror which
faces mmcoming light from the elliptical mirror, wherein the
flat mirror, 1n at least a first position, retlects light toward the
object plane; and a flat mirror relative motion provider opera-
tive to provide relative motion of the flat mirror relative to the
illumination source and to the elliptical mirror, such that 1n at
least a second position of the flat mirror, no light being
reflected from both the mirror and directly reflected by the
object enters the collecting lens. In other words, 1n this second
position, light entering the collecting lens has been incident
on the object from the elliptical mirror and then has been
scattered by the object.

One advantage of an embodiment of the invention, but not
necessarily the only advantage, 1s that individual batches of
microscopically featured objects with different contrast char-
acteristics, or even individual areas, each having their own
contrast characteristics, within objects belonging to a single
batch, can be 1imaged using an 1llumination angle which best
enhances the particular contrast pattern. Typically, the 1llumi-
nation angle is set once for each recipe, each recipe typically
comprising a batch of objects. However, in applications 1n
which glasses with more than one type of display are being
ispected, 1t may be desired to scan using different setups
within a single recipe or glass. Also, 1t may be desired to scan
different areas within a single display, such as a “cell area™ as
opposed to a “connectors area” using different setups.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a simplified optical diagram of apparatus for
providing smooth variation of the illumination angle 1 an
inspection system for microscopic objects such as in-fabrica-
tion flat panel displays, wherein the apparatus 1s 1n a first state
for providing dark field 1llumination;

FIG. 2 1s a simplified optical diagram of the apparatus of
FIG. 1 1n a second state for providing dark field illumination;

FIG. 3 1s a simplified optical diagram of the apparatus of
FIG. 1 1n a third state for providing semi-dark field 1llumina-
tion;

FIG. 4 1s a simplified optical diagram of the apparatus of
FIG. 1 1n a fourth state for providing semi-dark field 1llumi-
nation;

FIG. § 1s a simplified optical diagram of the apparatus of
FIG. 1 1n a fifth state for providing bright field illumination.

DETAILED DESCRIPTION OF EXEMPLARY
EMBODIMENTS OF THE INVENTION

An embodiment of the present invention 1s shown in FIGS.
1-5 1in various states. As shown 1 FIG. 5, which represents a
bright field 1llumination providing state, an optical beam out-
put from an optical fiber bundle propagates 1n free space.
Suitably the fiber bundle has a numerical aperture of 0.6
(angle)+/-36°, although other suitable 1llumination sources
having other numerical apertures may be employed. A propa-
gating beam retlects from a suitable optical element e.g. an
clliptical mirror with a suitable magnification factor such as
1.46. A shder, or beam splitter mirror module, bearing a
partially retlecting mirror/beam splitter and a fully reflecting
mirror, both of which may be constructed and operative to be
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translated together 1s provided. As shown in FIGS. 1-5, an
clliptical mirror may collect light from the fiber bundle over
an angle of about 27°. The remaining light from the fiber
bundle may be treated as stray light. It can be insured that the
stray light does not interfere with the illumination or imaging
systems by use of appropriate baifles, as would be understood
by one of skill in the art.

The beam splitter 1s arranged to retlect some of the light
impinging thereon, e.g. 40% of the light, towards the panel
plane. It 1s noted that the panel plane 1s the same as the object
plane, as discussed above. The may be focused on the panel
over a region for which the total angular coverage 1s e.g. 18°.
A collecting lens 1s positioned along a central optical axis of
the system above the panel plane. Typically the collecting
lens collects light over a collection angle, e.g. £3° or 6° total,
for example, collects the light reflected from the panel that
passes through the Beam Splitter, e.g. with 40% elliciency,
and 1mages the light onto the imaging plane of a camera(not
shown). The camera provides 1images to an 1mage processor,
which suitably 1s operative to analyze the images and detect
defects 1n the object that 1s 1maged.

FIGS. 1 and 2 shows an exemplary apparatus, also seen in
the other figures, configured 1n full dark field i1llumination
providing states, each of which is characterized by a different
illumination angle. It 1s appreciated that a continuum of
selectable states of 1llumination, 1.e. between angles of dark
field 1llumination, full field/bright field 1llumination and vari-
ous states combining both dark field and full field/bright field
1llumination, 1s provided by an apparatus of the present inven-
tion.

The optical beam output from the fiber bundle has a suit-
able numerical aperture, e.g. 0.6 (angle 1s +/-)36°, although
light sources having a different NA may also be suitable. The
propagating beam reflects from an elliptical mirror with a
suitable magnification factor of, for example, 1.46.

The Beam Splitter-Minor Module 1s set with the Flat Mir-
ror facing the incoming light from the elliptical mirror, the
module being arranged to reflect light from the flat mirror
towards the panel plane. The slider/beam splitter minor mod-
ule 1s shifted relative to the optical axis to provide a selected
angle of 1llumination. For tull Dark Field illumination the flat
mirror 1s shifted such that the angle of the light directed onto
the panel, e.g. by the flat mirror as seen in the figures, 1s
subsequently retlected by the panel at an angle that misses the
objective lens of a viewing camera. The extent of the shift 1s
defined by the application-appropriate dark field angle.

Thus, based on the positioning of the beam splitter and
mirror module, a panel in the object plane may be illuminated
with light of varying angles, all from a single 1lluminator: e.g.
the fiber bundle, as discussed above. The angle of the light
incident on the panel defines the angle at which light is
reflected from the panel towards the collecting lens, and the
position of the beam splitter and mirror module further deter-
mines, as shownin FIGS. 1-5, the angle of light reflected from
the panel which 1s “visible” to the connecting lens. Alter-
nately, the 1lluminator may comprise a set of individually-
controlled i1llumination devices, such as lamps or diodes.

Light 1s concentrated onto the panel, typically along a
linear scan line, and then reflected from 1t. In this context,
reflection from the panel includes specular reflection as well
as diffusive reflection and scattering. An objective lens placed
along the central optical axis (typically above the panel plane)
1s associated with a camera to view the panel. It 1s noted that
the objective lens 1s the same as the collecting lens, as dis-
cussed above. As shown, the angle at which illumination 1s
reflected from the panel 1n the configuration shown i FI1G. 1
1s offset 5 degrees from the central optical axis of the system,
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whereas the angle at which illumination is reflected from the
panel 1in the configuration shown 1n FIG. 2 1s offset 4 degrees
from the central optical axis. It 1s appreciated that the linear
motion of the slider provides a continuous selectable dis-
placement of the tlat mirror relative to the optical axis, which
in turn provides for selectability of a suitable 1llumination
angle along a continuum of possible 1llumination angles.

FIGS. 3 and 4 represents semi-dark field 1llumination states
cach characterized by a different 1llumination angle that com-
prises both dark field and bright field components. A con-
tinuum of such states 1s provided by the apparatus of the
present mnvention. In FIGS. 3 and 4, light 1s output from an
optical fiber bundle having a suitable numerical aperture of
e.g. 0.6 (angle1s +/-)36°. Other light sources having different
numerical apertures may be suitable. The propagating beam
reflects from an elliptical mirror with a suitable magnaification
factor of e.g. 1.46.

The Beam Splitter-Mirror Module 1s set with the Flat Mir-
ror facing the incoming light from the elliptical mirror, the
module being arranged to reflect light from the flat mirror
towards the panel plane. The slider/beam splitter mirror mod-
ule 1s shifted relative to the optical axis to provide a selected
angle of 1llumination. For Semi Dark Field illumination the
slider 1s shifted 1n a way such that at least some light reflected
onto the panel by the flat mirror 1s subsequently retlected by
the panel at an angle such that a least some of the retlected
light enters the collecting lens. The extent of the shiit i1s
defined by the required semi dark field angle. The light 1s
concentrated onto the panel, and then reflected from 1t. An
objective lens placed along the central optical axis of the
system above the panel plane, typically views panel from
within an angle of £3° (6° total), for example.

As shown, the angle at which 1llumination 1s reflected from
he panel 1n the configuration shown in FIG. 3 1s offset 2
legrees from the central optical axis of the system whereas

{
C
the angle at which 1llumination 1s reflected from the panel n
the configuration shown 1n FIG. 4 1s offset 2.5 degrees from
t]
{

he central optical axis. Other suitable angles of offset from
he central optical axis may be selected. It 1s appreciated that
translation of the slider results 1n continuous selectable dis-
placement of the flat mirror relative to the central optical axis,
which 1n turn results 1n continuous selectable variation of the
illumination angle.

Thus 1n order to achieve dark field 1llumination, the flat
mirror 1s placed so that light from the panel is reflected at an
angle greater than +3 degrees (1n the 1llustrated embodiment)
of offset from the central optical axis. As seen 1n FIGS. 1 and
2, all of the light reflected from the panel 1s retlected at an
angle greater than £3 degrees of offset from the central optical
axis, but at different degrees of offset. In FIGS. 3 and 4, some
of the light reflected from the panel is reflected at an angle
greater than +3 degrees of offset (in the illustrated embodi-
ment) from the central optical axis, and some of the light
reflected from the panel 1s reflected at an angle less than +3
degrees of offset (1n the illustrated embodiment) from the
central optical axis, but at different angles of ofifset. In FIG. 5,
substantially all of the light reflected from the panel 1s
reflected at an angle less than +3 degrees of offset (in the
illustrated embodiment) from the central optical axis, such
that substantially of the reflected light enters the aperture of
the 1maging optics.

The apparatus and methods shown and described herein are
particularly usetul 1n conjunction with state of the art inspec-
tion systems such as the Orbotech SuperVision or In Vision
ispection systems, commercially available from Orbotech

Systems, Yavne, Israel.
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It 1s appreciated that software components of the present
invention, such as a controller for controlling sliding of the
slider may, 1f desired, be implemented 1n ROM (read only
memory) form. Alternatively the software components may,
generally, be implemented 1n hardware, 11 desired, using con-
ventional techniques.

Features of the present invention which are described in the
context of separate embodiments may also be provided 1n
combination in a single embodiment. Conversely, features of
the invention which are described for brevity in the context of
a single embodiment may be provided separately or in any
suitable subcombination.

Although exemplary embodiments of the present invention
have been described, 1t will be understood by those skilled 1n
the art that the present invention should not be limited to the
described embodiments, but various changes and modifica-
tions can be made within the spirit and the scope of the present
invention.

What 1s claimed 1s:
1. An inspection method, for use 1n 1nspecting an n-fabri-
cation flat panel display with microscopic features, compris-
ng:
in a first, learning mode:
sequentially 1lluminating an object having microscopic
features to be 1nspected with a plurality of 1llumina-
tion angles comprising an angle for dark field 1llumi-
nation of the in-fabrication tlat panel display;

comparing a contrast of the microscopic features under
the plurality of 1llumination angles;

identifying, from among the plurality of 1llumination
angles, a suitable solid angle of angularly specific
illumination, based on the comparison; and

in a second, inspection mode: mspecting the in-fabrication
tflat panel display, using said suitable solid angle of angu-
larly specific illumination.

2. A method according to claim 1, wherein the plurality of
illumination angles 1s a continuous range of 1llumination
angles.

3. A method according to claim 1 wherein said plurality of
1llumination angles turther comprises an angle for bright field
illumination of the in-fabrication flat panel display.

4. An mspection system for inspecting objects with micro-
scopic features, the system comprising:

a single light source which provides illumination of an
object with microscopic features, the 1llumination defin-
ing a plurality of illumination angles comprising at least
an angle of bright field 1llumination, an angle of dark
field 1llumination, and an angle of semi dark field 1llu-
mination;

an object mspector which inspects the object with micro-
scopic features; and

a controller which controls the object inspector to operate
in one of at least two modes including:

a first, learning, mode 1n which a suitable solid angle of
angularly specific 1llumination from within said plu-
rality of illumination angles 1s 1dentified for an indi-
vidual set of objects with microscopic features by
comparing contrast for at least some of the objects 1n
said set when under each of a plurality of i1llumination
angles, and

a second, mspection, mode 1n which said individual set
ol objects 1s 1nspected using said solid angle of angu-
larly specific illumination.

5. An 1nspection system according to claim 4, wherein the
plurality of illumination angles 1s a continuous range of illu-
mination angles.
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6. An 1inspection system according to claim 4, wherein the
single light source 1s a single bundle of optical fibers.

7. An 1inspection system for mspecting objects with micro-
scopic features, the inspection system comprising:

an 1lluminator which provides illumination of an object

having microscopic features, the 1llumination defiming a

range of a plurality of selectable 1llumination angles;

an object inspector which inspects the object with micro-
scopic features under said illumination; and

a controller which controls the object inspector to operate

in one of at least two modes including:

a first, learning, mode 1n which a suitable 1llumination
angle from within said range 1s 1dentified for an 1ndi-
vidual set of objects having microscopic features by
comparing contrast for at least some of the objects in
said set when under each of a plurality of illumination
angles; and

a second, inspection, mode 1n which said individual set
of objects 1s mspected under said suitable 1llumina-
tion angle.

8. An mspection system according to claim 7, wherein the
plurality of illumination angles 1s a continuous range of illu-
mination angles.

9. An 1mspection system according to claim 7, wherein the
illuminator 1s a single bundle of optical fibers.

10. A system according to claim 7

wherein said object inspector comprises a collecting lens;

wherein the object defines an object plane; and

wherein said 1lluminator comprises:

an 1llumination source;

a light concentrator;

an 1llumination angle selector which 1s disposed along a
light path extending from the 1llumination source to
the object inspector and which, 1n at least a first select-
able position, enables light to propagate toward the
object plane;

arelative motion provider operative to provide motion of
the 1llumination angle selector relative to the 1llumi-
nation source, such that in at least a second selectable
position of the illumination angle selector, light
selected by the i1llumination angle selector and 1nci-
dent on the collecting lens 1s scattered by the object in
the object plane.

11. A system according to claim 10 wherein said 1llumina-
tion angle selector comprises a tlat mirror.

12. A system according to claim 10 wherein said light
concentrator comprises an elliptical mirror.

13. A system according to claim 10, wherein the 1llumina-
tion source 1s a single bundle of optical fibers.

14. An inspection method, intended for use in 1nspecting
objects with microscopic features, comprising:

in a first, learning mode:

sequentially illuminating an object having microscopic
features to be spected with a plurality of 1llumina-
tion angles from a plurality of 1llumination angles;

comparing a contrast of the microscopic features under
the plurality of illumination angles;

identifying, from among the plurality of 1llumination
angles, a suitable i1llumination angle, based on the
comparison; and

in a second, inspection mode: mspecting the microscopic

features under the suitable 1llumination angle.

15. An 1nspection method according to claim 14, wherein
the plurality of possible 1llumination angles 1s a continuous
range of possible 1llumination angles.
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